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(57) Abstract 



For Che first time, certain retinoids with a side chain terminal CH2OH group or ester or ether thereof or aldehyde rather than a side 
chain terminal COOH group and substitution at the 4-posttion have been indicated to bind to nuclear receptors and to be biologically 
active in inducing cell differentiation of normal and tumor cells. These compounds activate gene expression through binding to nuclear 
receptor proteins. These compounds induce difTerentiation in normal and cancer cells and are useful for treating leukemias, and lymphomas, 
squamous cell carcinomas, deep (cystic) acne, psoriasis and photodamaged or aging skin. These compounds have stability and in vitro 
half-life advantages over and solubility differences from all-fra/w-retinoic acid and activity advantages over 13-C/5 retinoic acid. 
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REGULATING GENE EXPRESSION USING RETINOIDS 
WITH CH ^ OH OR RELATED GROUPS AT THE SIDE CHAIN 
TERMINAL POSITION 

The invention described herein was made in 
the course of work under grant number ROl CA43796 
from the National Institutes of Health, in the 
United States Government. The United States 
Government has certain rights in this invention. 
Technical Field 

This invention is directed to methods 
involving use of retinoids with CH2OH at the side 
chain terminal position. 
Background of the Invention 

Throughout this application various 
publications are referenced by arable numerals 
within parentheses. Full bibliographic citations 
for these references may be found at the end of 
the specification immediately preceding the 
claims. The disclosures for the publications in 
their entireties are hereby incorporated by 
reference into this application to describe more 
thoroughly the state of the art to which this 
invention pertains. 

The term "retinoid" has been used to define 
a group of compounds consisting of retinol 
(Vitamin A) and both natural and synthetic 
derivatives thereof. See Sporn, M.B., et al (1), 
Various metabolic derivatives of retinol have been 
identified. Of these, retinoic acid has been 
found to be crucial for normal pattern formation 
during embryogenesis and in the regulation of the 
differentiation of a variety of cell types, 
retinal has been found to be essential for vision, 
14-hydroxy-4 , 14-retro-retinol has been found to 
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have a function in the stimulation of lymphocyte 
growth, and anhydroretinol has been found to be an 
antagonist to l4-hydroxy-4 , 14-i-etro-retinol . See 
Gudas, L» J. (2) • Other metabolic derivatives of 
retinol have been dismissed as biologically 
inactive. See Leo, M. A, et al (3). Two that 
have been heretofore identified but dismissed as 
inactive are 4-oxo-retinol and 4-hydroxyretinol • 
Retinoic acid (i.e., all-trans-retinoic acid) 
has been orally administered in clinical trials 
for the treatment of acute promyelocytic leukemia. 
See Warrell, R. P. et al, 1991 (4) and Warrell, R. 
P. et al, 1993 (5). This treatment causes cell 
differentiation and remission for 3 or 4 months. 
However, this treatment induces the production of 
an enzyme which breaks down the retinoic acid and 
with continued retinoic acid dosages, this 
induction of enzyme production progressively 
increases so that the half-life of the retinoic 
acid becomes progressively shorter; thus the level 
of retinoic acid reaching the blood progressively 
decreases and the treatment over time becomes 
ineffective. See Lefebvre, P. P., et al (6); 
Muindi, J. R. , et al (7); and Brazzel, R. K. , et 
al (8) . Other types of leukemia and lymphoma 
cells from patients respond to all-tra/is-retinoic 
acid by differentiating in a cell culture system. 
See Hong, W. K. , et al (9). This indicates that 
other types of leukemia and lymphoma patients 
would benefit from retinoid therapy but all-trans- 
retinoic acid cannot be efficacious in such 
patients because of its short half-life. Many 
other types of carcinomas are treated with 
retinoic acid. See Hong, w. K., et al (9), 
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All-tjrans-retinoic acid (also known as 
tretinoin, Retin-A®) is also used for treatment of 
deep (cystic) acne, psoriasis, and other 
dermatological conditions but the short half-life 
and side effects of this compound are problems. 
See Peck, G. L, et al (12) . All-trans-retinoic 
acid is also used for the treatment of liver 
spots. See Rafai, S., et al (13). All-trans- 
retinoic acid is also used for the treatment of 
wrinkling which results from photodamage and aging 
of the skin. See Peck, G. L., et al (12). 

The 13-cis-isomer of retinoic acid (also 
known as isotretinoin, Accutane®) is used for 
treatment of deep (cystic) acne, psoriasis, and 
other dermatological conditions . The 13 -cis 
isomer of retinoic acid has also been found to 
cause differentiation of epithelial cells, and is 
used to treat squamous cell carcinoma of the head 
and neck. See Hong, W. K. , et al (9) . It is 
speculated that it isomerizes and is progressively 
released as all-trans-retinoic acid, thereby 
lengthening the effective treatment period for 
this disease compared to where all-trans- retinoic 
acid is used per se. The 13-cis isomer of 
retinoic acid has also proven to be useful in the 
treatment of squamous cell carcinoma of the cervix 
and of the skin, when used in combination with a- 
interferon. See Lippman, S. M. , et al (10) and 
Lippman, S. M, , et al (11). 

Carcinoma of the breast is treated with 4- 
hydroxyphenylret inamide , a synthetic retinoid . 
See Hong, W. K. , et al (9). 
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Summary of the Invention 

It has been discovered herein that 4-oxo- 
retinol is biologically active and can be 
successfully used for the treatments where all- 
trans-retinoic acid and 13-cls retinoic acid have 
been used but with the advantages over all-trans- 
retinoic acid that it has different biological 
properties (e.g., is more water soluble) and that 
it does not induce production of enzyme which 
degrades it to inactive form; and that it has a 
much longer half-life than all-trans-retinoic 
acid; and with the advantage over 13-cis retinoic 
acid that it is active per se; and consequently is 
more effective than all-trans-retinoic acid and 
13-cis retinoic acid. 

It has further been discovered that while 
all-trai7S-retinoic acid binds equally well to a-, 
and y-retinoic acid receptors which mediate 
the activity thereof as is described in 
Mangelsdorf, D. J., et al (14), 4-oxo-retinol 
binds well to a- and )9-retinoic acid receptors for 
the mediation of its activity but binds less well 
to the y-retinoic acid receptor for the mediation 
of its activity. Since various cells do not 

contain all of these receptors or contain 
different levels of these receptors, 4-oxo-retinol 
has the additional advantage over all-trans- 
retinoic acid that its actions are more localized 
and more specific. 

It has further been discovered that 4- 
hydroxyretinol is metabolically converted to 4- 
oxo-retinol in cells indicating that it is a 
precursor of 4-oxo-retinol in vivo. 

These discoveries are the basis for the 
following embodiments of the invention herein. 
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In these embodiments, the retinoids are 
binding effective retinoids with CH2OH (the 
alcohol form) or ester thereof (the ester form) or 
ether thereof (the ether form) or CHO (the 
aldehyde form) at the side chain teirminal position 
and in the alcohol form preferably have the 
structure 



wherein the configuration at the 7-, 9-, 11- and 
13-position double bonds is independently Z or E 
and wherein is selected from the group 

consisting of 



wherein the keto group at the 4-position is free 
or protected, or is replaced by a thioketone group 
which is free or protected or is replaced by C^.^- 
alkylidene group; 




(a) 
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wherein X is selected from the group consisting of 
hydrogen and C^.g-alkyl and wherein Y is selected 
from the group consisting of c^.g-alkyl, hydroxyl, 
alkoxyl, acyloxyl, halide, azide, sulfhydryl, 
amine and C^.g-alkyl substituted amino and wherein 
the absolute configuration at the 4-position is 
independently R or S; 




(III) 



wherein , and are independently selected 

from the group consisting of hydrogen, C^.g-alkyl, 
hydroxyl, alkoxyl, acyloxyl, halide, azide, 
sulfhydryl, amine and C^.g-alkyl substituted amino; 

(IV) 

(Retinoid 
numbering) 

wherein and are independently selected from 
the group consisting of hydrogen, C^.g-alkyl, 
hydroxyl, alkoxyl, acyloxyl, halide, azide, 
sulfhydryl, amine and C^.g-aikyl substituted amino; 

(V) 

(Retinoid 
numbering) 

o 



(d) 




(e) 
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wherein the keto group at the 4-position is free 
or protected or is replaced by a thioketone group 
which is free or protected or is replaced by C^^.^- 
alkylidene group; and 



wherein X3 and Y3 are independently selected from 
the group consisting of hydrogen, c^^.^-alkyl, 
hydroxy 1, alkoxyl, acyloxyl, halide, azide, 
sulfhydryl, amine and C^.^-alkyl substituted amino, 

The ester form contains ester group which is 
converted to alcohol in the body once administered 
or provides active compound without such 
conversion and said ester group normally contains 
from 1 to 16 carbon atoms if saturated, e.g., 
acetate or palmitate, or up to 2 0 carbon atoms if 
unsaturated, or is a modified sugar, e.g., a 
glucuronide . 

The ether form is the C^-e-alkyl ether. 

These retinoids will be referred to 
hereinafter as the retinoids herein. The term 
"the retinoids herein" is limited to such 
retinoids which originate from pharmaceutically 
pure compounds of the same structure and thus 
excludes the inherent formation of these compounds 
as metabolic products in the body. The term 
"originating from" is used herein to mean that the 
pharmaceutically pure compound is administered per 
se or after formulation and the term 



(f) 




(VI) 

(Retinoid 
numbering) 
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"pharmaceutically pure" is used herein to mean 
more than 95% pure and containing no unacceptably 
harmful impurities . 

The primary alcohol, ester, ether or aldehyde 
moiety at the side chain terminal position 
together with substitution in the 4-position are 
general features of the retinoids herein, as 
distinguished from retinoids with an acid group at 
the 15-position. 

In a first embodiment of the invention 
herein, there is provided a method of inducing 
differentiation of normal and cancer cells, in 
vitro and in vivo, comprising contacting the cells 
with a differentiation-inducing effective amount 
of a retinoid herein. 

In a second embodiment of the invention, 
there is provided a method for binding of retinoid 
to nuclear receptor protein including retinoic 
acid receptors (RARs) and retinoid X receptors 
(RXRs) which comprises contacting said protein 
with a binding effective amount of retinoid 
herein. 

In a third embodiment of the invention, there 
is provided a method of regulating gene expression 
through binding to nuclear receptor proteins which 
comprises contacting a cell with a gene expression 
regulating effective amount of retinoid herein. 

In a fourth embodiment of the invention, 
there is provided a method for enhancing 
transcription of a gene regulated by retinoids in 
any cell which comprises contacting the cell with 
a transcription enhancing effective amount of 
retinoid herein. 
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In another embodiment of the invention 
herein, there is provided a method for treating 
various types of leukemias and lymphomas including 
acute promyelocytic leukemia In vitro (in cell 
culture) or in patients afflicted with these 
conditions comprising administering a leukemia 
cell or lymphoma cell differentiation-inducing 
effective amount of retinoid herein. 

In still a further embodiment of the 
invention herein, there is provided a method for 
treating squamous cell carcinoma including 
squamous cell carcinoma of the head and neck and 
squamous cell carcinoma of the breast, in vitro 
(in cell culture) or in patients afflicted with 
these conditions , comprising administering a 
squamous cell carcinoma cell differentiation- 
inducing effective amount of retinoid herein. - 

In still a further embodiment of the 
invention herein, there is provided a method for 
treating deep (cystic) acne in a patient afflicted 
with this condition comprising administering to. 
said patient an acne clearing effective amount of 
retinoid herein. 

In still a further embodiment of the 
invention herein, there is provided a method for 
treating psoriasis in a patient afflicted with 
this condition comprising administering to said 
patient a psoriasis clearing amount of retinoid 
herein. 

In still a further embodiment of the 
invention herein, there is provided a method for 
treating photodamaged or aged skin with wrinkles 
in a patient afflicted with this condition 
comprising administering to said patient a 
wrinkling removing effective amount of retinoid 
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herein. 

The term "binding effective retinoid" is used 
herein to mean retinoid which binds to a nuclear 
receptor protein including one or more retinoic 
acid receptors and excludes retinol. 

The term "differentiation-inducing effective 
amount" is used herein to mean an amount which 
results in some cancer cells changing to non- 
cancerous form or in which normal cells change to 
an overtly specialized cell type. 

The term "binding effective amount" is used 
herein to mean sufficient compound bound to 

nuclear receptor protein to be measurable in 
binding assays. 

The term "gene expression effective 
regulating amount" is used herein to mean an 
amount effective to change the amount of messenger 
RNA in cells. 

The term "enhancing transcription of a gene" 
is used herein to mean the accelerated production 
of messenger RNA in cells. Hex a-1 and laminin Bl 
are two examples of genes which are regulated by 
retinoic acid and therefore, whose transcription 
may be enhanced by the use of the claimed method. 

The term "contacting" is used herein to mean 
contacting in vitro or in vivo. Methods of in 
vitro and in vivo contacting are described 
hereinafter. 

The term "transcription enhancing effective 
amount" is used herein to mean the amount which 
enhances transcription of certain genes in the 
cell and will vary with the type of cell as well 
as the gene to be regulated. 
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The term "acne clearing effective amount" is 
used herein to mean an amount which results in 
disappearance of the acne in an area which is at 
least 10% of that initially affected. 

The term "psoriasis clearing effective 
amount" is used herein to mean an amount which 
results in disappearance of the psoriasis in an 
area which is at least 10% of that initially 
affected. 

The term "wrinkling removing effecting 
amount" is used herein to mean at least a 10% 
reduction in wrinkling, preferably at least a 25% 
reduction in wrinkling, or in the reduction of 
epidermal pigmentation in liver spots. 

Methods of determining effective amounts are 
well known to those skilled in the art. 

The preferred retinoids herein are 4-oxo- 
retinol which has the structure set forth above 
wherein is (I) and 4-hydroxyretinol which has 
the structure set forth above where is (II) and 
X is OH and Y is H, and the corresponding esters, 
and aldehydes as defined above. 

The terms 4-oxo-retinol and 4-hydroxyretinol 
are used herein to mean the all-trans forms as 
well as isomeric forms of these including the 7- 
CIS, 9-cis, 11-cis and 13-cis isomers, and the 
term 4-hydroxyretinol is used herein to mean the 
(4R) or (4S) enantiomeric forms. 
Brief Description of the Drawings 

Fig. 1 depicts HPLC radiochromatograms of F9 
stem cell extracts and,retinoic acid induced stem 
cell extracts constituting results of Example I. 
In Fig. 1, the parameter for the X-axis is time in 
minutes and the parameter for the Y-axis is counts 
per minute of tritium. 
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Figs. 2 (a) -(f) depict spectra of retinoids 
A and C referred to in Fig. 1 and constitute 
results of Example I. 

Fig. 3 depicts dose response curves for the 
F9-RARE-^-galactosidase reporter cell line when 
treated with pure, synthetic compounds as denoted 
and sets forth results of Example III. 

Fig. 4 depicts HPLC analysis after incubation 
of F9 stem cells in the presence of 50 nM 
hydroxyretinol after periods of time as indicated 
and extraction. In Fig. 4, "4-OH-ROl" stands for 
all-tra/is-4-hydroxyretinol, "4-OXO-ROl" stands for 
all-trans-4-oxo-retinol, and "CPM" stands for 
counts per minute of tritium. Fig. 4 sets forth 
results of Example V. 

Fig. 5 depicts HPLC analysis after incubation 
of F9 stem cells in the presence of 50 nM -^11-4- 
oxo-retinol after periods of time as indicated and 
extraction using the method of McClean, S. W. , et 
al, (15). In Fig. 5, "4-OXO-ROl" stands for all- 
trans-4-oxo-retinol and "CPM" stands for counts 
per minute of tritium. Fig. 5 sets forth results 
of Example V. 
Detailed Description 

We turn now to the retinoids herein. Those 
taught in conjunction with the above structural 
formula wherein has the structure (I) include 
4-oxo-retinol and the other retinol analogs with 
the mentioned modifications, e.g., 4 -methyl idene- 
retinol, and the corresponding esters, ethers and 
aldehydes. Those taught in conjunction with the 
above structural formula wherein has the 

structure (II) include 4-hydroxyretinol and the 
other retinol analogs bearing at the 4-position 
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the mentioned substituents , e.g. , 4-dimethylainino- 
retinol, and the corresponding esters, ethers and 
aldehydes. Those taught in conjunction with the 
above structural formula wherein has the 

structure (III) include the phenyl analogs of 
retinol bearing at the indicated positions the 
mentioned substituents, e.g., ( l-methyl-A-iodo- 
phenyl) -retinol, and the corresponding esters, 
ethers and aldehydes. Those taught in conjunction 
with the above structural formula wherein Rj^ has 
the structure (IV) include the naphthyl analogs of 
retinol bearing at the indicated positions the 
mentioned substituents, e.g., { l-methyl-A-methoxy- 
naphthyl) -retinol and the corresponding esters, 
ethers and aldehydes. Those taught in conjunction 
with the above structural formula wherein R^^ has 
the structure (V) and wherein has the structure 
(VI) include the tetrahydronaphthyl analogs of 
retinol bearing at the indicated positions the 
mentioned substituents, e.g. , (1, l-dimethyl-4-oxo- 
1,2,3,4 -tetrahydro-naphthy 1 ) -retinol and (1,1^ 
dimethyl-4-hydroxy-l , 2,3, 4-tetrahydro-naphthyl) - 
retinol, and the corresponding esters, ethers and 
aldehydes. 

Pharmaceutical ly pure 4-oxo-retinol and 4- 
hydroxyretinol are readily obtained by inducing 
differentiation in F9 mouse teratocarcinoma stem 
cells, an established widely used line, from a 
murine tumor, available from the American Type 
Culture Collection under accession no. ATCC CRL 
1720, with retinoic acid, whereby the endogenous 
retinol (vitamin A) is metabolized into many 
derivatives in the differentiated cells, including 
4-oxo-retinol and 4-hydroxyretinol , and isolating 
4-oxo-retinol and 4-hydroxyretinol in 
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phannaceutically pure form. This can be carried 
out by culturing the F9 stem cells in the presence 
of retinoic acid (to induce differentiation) and 
retinol (to replace endogenous retinol as it is 
converted into derivatives) and extracting using 
the procedure of McClean, S, W, , et al (15) and 
isolating pharmaceutical ly pure 4-oxo-retinol and 
4-hydroxyretinol from the extract using HPLC. 

The compound 4-oxo-retinol can be prepared 
according to several known procedures as follows: 
A first method involves selective NaBH^ reduction 
of 4-oxo-retinal , obtained by Mn02 oxidation of 4- 
hydroxy-retinal * See Boehm, M. F. , et al (16). 
The latter can be prepared from commercially 
available all-tra/is-retinal . See Henbest, H. B. , 
et al (17); Reedy, A. J- , (18); Surmatis, J. 
(19); and Renk, G., etal (20), A second method 
involves the synthesis of 4-oxo-retinal by direct 
oxidation of retinol or retinal by Mn02 • See 
Henbest, B, , et al (17) and Williams, T.C., et 
al (21) . A third method involves hydrolysis of 4- 
oxo-retinyl acetate prepared from commercially 
available retinyl acetate. See Henbest, H. B* , et 
al (17) . 

All-trans ( 4S) -4-hydroxy-retinol can be 
prepared starting with ( 4S) -4-hydroxy-/?-ionone 
obtained as described in Haag, A., et al (22), 
Elongation of the side chain is achieved by 
conventional Horner-Emmons reactions as described 
in Haag, A., et al (23) and Katsuta, Y., et al 
(24) followed by HPLC purification- 

All-trans ( 4R) -4-hydroxy-retinol can be 
obtained similarly, starting with (4R) -4-hydroxy- 
;9-ionone obtained as described in Haag, A,, et al 



(22) . 
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Racemic all-tra/2s-4-hydroxy-retinol can be 
synthesized by NaBH4 reduction of 4-hydroxy-, or 
4-oxo-retinal obtained as described in Henbest, H, 
et al (17); Reedy, A. J., et al (18); 
Surmatis, J. D. (19); Renk, , et al (20); and 
Williams, T. C. , et al (21), 

Others of the retinoids herein are prepared 
following retinoid synthetic procedures well known 
to those skilled in the art. See for example 
Dawson, M. I., et al (39) which is incorporated 
herein by reference. 

The methods herein for inducing 
differentiation in a normal cell or a cancer cell 
and for binding to nuclear receptor proteins and 
for regulating gene expression and for enhancing 
transcription of a gene regulated by retinoids in 
a cell and for treating leukemias and lymphomas 
and for treating squamous cell carcinoma are 
intended for application in vitro and in vivo. 
The other methods herein are intended for 
application in vivo. 

The in vitro methods herein are readily 
carried out in cell culture by methods well known 
to those skilled in the art. 

For in vivo treatment, the treatments are 
intended for the treatment of animals, e.g., 
mammals, including human patients. 

For in vivo administration, administration is 
carried out by methods well known to those skilled 
in the art and include, but are not limited to, 
administration orally, parenterally including 
intravenously, and topically, and administration 
may be effected continuously or intermittently 
such that the amount of the composition in the 
patient is effective to obtain benefit. 
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The retinoids herein are readily administered 
in vivo as compositions comprising active compound 
in a pharmaceutically acceptable carrier* As used 
herein, the term "pharmaceutically acceptable 
carrier" encompasses any of the standard 
pharmaceutical carriers, including phosphate 
buffered saline solution, water, and emulsions 
such as an oil/water emulsion, and various types 
of wetting agents, in the preferred embodiment of 
the invention, the pharmaceutically acceptable 
carrier also comprises specific binding proteins, 
which may be, but are not limited to albumin, 
retinol binding proteins (RBP) , transthyretin 
(TTR) , and the complex formed by RBP and TTR. 

The retinoids herein can be readily 
formulated with carrier for in vivo 
administration. Compositions for oral 

administration may be, for example, in capsule or 
pill form and comprise a therapeutically 

effective amount of retinoid herein and 
pharmaceutically acceptable excipient, e,g,, inert 
diluent such as calcium carbonate, sodium 
carbonate, lactose or talc. Compositions for 
topical administration of retinoids herein may be, 
for example, in lotion, cream, ointment or gel 
form and comprise a therapeutically effective 
amount of retinoid herein and pharmaceutically 
acceptable carrier, e.g., propylene glycol, 
mineral oil, petrolatum, glyceryl monostearate and 
the like. Compositions for parenteral 

administration of retinoids herein include a 
therapeutically effective amount of retinoid 
herein and pharmaceutically acceptable carrier 
such as sterile water or physiological saline, and 
liposome delivery systems can be used to 
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accommodate for lack of solubility. 

In general, dosages for in vivo 
administration are 5 to 5000 rog of retinoid herein 
per square meter of the body per day (O.i-lOO 
mg/kg body weight/day) , preferably 50 to 200 rog of 
retinoid herein per square meter of the body per 
day, for oral administration; 5 to 5000 mg of 
retinoid herein per square meter of the body per 
day, preferably 20 to 200 mg of retinoid herein 
per square meter of the body per day, for 
parenteral administration; and 1 mg to 500 mg of 
retinoid herein per square inch per day, 
preferably from 2 mg to 50 mg of retinoid herein 
per square inch per day, for topical 
administration . 

VThen the methods for inducing differentiation 
in a normal or a cancer cell and for binding to 
nuclear receptor protein and for regulating gene^ 
expression through binding to nuclear receptor 
proteins and for enhancing transcription of a gene 
regulated by retinoids and for treating leukemia 
and lymphomas and for treating squamous cell 
carcinoma are carried out in vitro, the contacting 
may be effected by incubating cells with a 
retinoid herein. The concentrations of the said 
retinoid are the concentrations which are 
respectively effective to cause differentiation 
and growth inhibition of the cell and binding to 
nuclear receptor protein in the cell and gene 
expression regulation in the cell and 
transcription enhancing effect in the cell and 
cell differentiation in lymphoma and leukemia and 
sqpaamous cell carcinoma cells. The effective 
amount varies with the type of cell. Another 
factor in determining the effective amount of the 
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compound is the degree of vitamin A deficiency in 
the environment. Thus, the effective 

concentration of retinoid herein varies with the 
level of vitamin A within the cell. Typical 
effective concentrations of 4-oxo-retinol and 4- 
hydroxyretinol can range from l x 10"^ M to l x 10" 
^ M. 

We turn now to the embodiment of the 
invention directed to inducing differentiation in 
a normal or a cancer cell comprising contacting 
the cancer cell with a differentiation-inducing 
effective amount of retinoid herein. Example IV 
hereinafter shows this occurring in vitro. 

We turn now to the embodiment of the 
invention herein directed to the method of binding 
to nuclear receptor proteins which comprises 
contacting said protein with a binding effective 
amount of retinoid herein. Example II shows this 
occurring in vitro. 

We turn now to the embodiment of the 
invention herein directed to regulating gene 
expression through binding to nuclear receptor 
proteins which comprises contacting a cell with a 
gene expression regulating effective amount of 
retinoid herein and the embodiment of the 
invention of enhancing transcription of a gene 
regulated by retinoids in any cell which comprises 
contacting the cell with a transcription enhancing 
amount of retinoid herein. Example III shows 
these methods occurring in vitro. 

We turn now to the embodiment of the 
invention directed to treating acute promyelocytic 
leukemia or other types of leukemias or lymphomas 
in patients afflicted with these conditions. This 
comprises administering to said patients a cell 
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differentiation-inducing effective amount of 
retinoid herein. Effective dosage is readily 
determined by starting with a low dosage and 
increasing dosage until blood chemistries indicate 
effectiveness. Administration is continued for as 
many days as necessary to obtain and preserve 
remission. Oral administration is preferred 
although parenteral routes of administration are 
possible* Other types of leukemias and lymphomas 
to which the method is applicable besides acute 
promyelocytic leukemia include, for example, 
cutaneous T-cell lymphoma /mycosis fungoides which 
is described in Kessler, J. F, , et al (25) and 
myelodysplastic syndrome which is described in 
Clark, R., et al (26). 

We turn now to the embodiment of the 
invention directed to treating squamous cell 
carcinoma in a patient afflicted with this 
condition comprising administering to said patient 
a squamous cell carcinoma differentiation-inducing 
effective amount of retinoid herein. Effective 
dosage is readily determined by starting with a 
low dosage and increasing dosage until 
histological examination indicates the occurrence 
of cell differentiation and concomitant reduction 
in cell growth. Oral administration is preferred 
although parenteral routes of administration are 
possible . Administration is continued until the 
squamous cell carcinoma is no longer evident. 
This embodiment has already been described in 
conjunction with squamous cell carcinoma of the 
head and neck and carcinoma of the breast. This 
embodiment is also useful for treatment of the 
following squamous cell carcinomas: skin, cervix, 
colon, and lung. 
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We turn now to the embodiment of the 
invention directed to treating deep (cystic) acne 
in a patient afflicted with this condition 
comprising administering to said patient an acne 
clearing effective amount of retinoid herein. 
Preferably^ administration is carried out 
systemically , very preferably orally and less 
preferably parenterally • Topical administration 
is also possible . Administration is continued as 
long as benefit is obtained- 

We turn now to the embodiment of the 
invention directed to treating psoriasis in a 
patient afflicted with this condition comprising 
administrating to said patient a psoriasis 
clearing effective amount of retinoid herein. 
Preferably, administration is carried out 
systemically, very preferably orally and less 
preferably parenterally • Topical administration 
is also possible. Administration is continued as 
long as benefit is obtained. 

We turn now to the embodiment of the 
invention directed to treating photodamaged or 
aging skin in a patient afflicted with this 
condition comprising administrating to said 
patient a wrinkling removing effective amount of 
retinoid herein. Preferably, administration is 
carried out systemically, very preferably orally 
and less preferably parenterally . Topical 
administration is also possible , and in some 
cases is preferable. Administration is continued 
as long as benefit is obtained. 

For topical administration, "square inch" 
refers to square inch of body area treated. 

The invention is illustrated in the following 
specific examples . 
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Example I 

It is known that when the teratocarcinoma 
stem cell line F9 is treated with all-traiis- 
retinoic acid (RA) in monolayer culture, the cells 
differentiate into parietal endodermal-like cells, 
an extraembryonic type of epithelial cells in the 
mouse blastocyst. See Gudas, L, J., et al (27). 
The invention herein involves the conception that 
effecting this differentiation and determining 
retinol metabolites and purification thereof would 
lead to the discovery of biologically active 
retinoids which heretofore were not known to be 
biologically active. This example constitutes the 
experiment based on the conception. 

F9 stem cells (ATCC CRL 1720) initially at a 
concentration of 5 x 10^ cells/plate (each plate 
with 150 cm^ surface area) were cultured at 37*>c 
in DME medium, i.e., Dulbicco's Modified Eagle's 
medium (purchased from ICN Biomedical, catalog 
number 10-331-22) plus 10% calf serum in the 
presence of l^M RA for 24 or 48 h. Subsequently,, 
the cells were washed and incubated at 37«>c with 
50 nM ^H-retinol for 9 h. The media were 
collected and the cells were rinsed with an 
isotonic phosphate buffered saline solution in 
reduced light. Cells were scraped into 500 ^1 of 
PBS and retinoids were extracted immediately 
according to the method of McClean et al. (15). 
Briefly, 350 m1 of acetonitrile/butanol (50:50 
v/v) containing 50 fig/ml butylated hydroxy toluene 
(BHT) was added to 500 ^1 of cell or media and 
then vortexed for 3 0 sec followed by the addition 
of 300 ^l of a saturated dibasic potassium 
phosphate solution and repeated vortexing. 
Appropriate internal standards were added prior to 
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extraction so that their elution profiles could be 
followed by absorbance. After centrif ugation 
(10,000 X g for 10 min) , the organic layer was 
removed , dried in a Speed-Vac and stored for no 
more than 3 days at -70** 

Each sample was dissolved in 180 /xl ethane 1 
for analysis by high pressure liquid 
chromatography (HPLC) . An HPLC system including 
a photodiode array detector (Waters) was used to 
separate the various retinoids. An analytical 5- 
Mm reversed-phase C^^q column (4.6 mm x 25 cm) 
(Vydac catalog # 201TP54) at flow rate of 1.5 
ml/min, with a linear gradient from 40% 
acetonitrile (ammonium acetate (15 mM, pH 4.7)) to 
67% acetonitrile for 35 min followed by 100% 
acetonitrile for an additional 25 min was 
employed. An on line scintillation counter 
(Packard A-500) was used to detect labeled 
retinoids . 

A major change in retinol metabolism is shown 
in Fig. 1 to occur when F9 stem cells are induced 
to differentiate by RA. The synthesis of several 
relatively polar retinol metabolites is induced 
about 15-20 fold in the cell extracts as well as 
in the media. This induction of retinol 

metabolism is seen as early as 12 hours after RA 
treatment and is maintained as late as 5 days 
thereafter. It is notable that the rates of 
synthesis of some retinol derivatives such as 14- 
hydroxy-4 , 14-retro-retinol are unchanged after RA 
treatment. It is also notable that RA was not 
detected as an endogenous retinol metabolite in 
either the F9 stem cells or the RA-treated F9 stem 
cells. The level of detection of this assay using 
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^H-retinol as a substrate, was calculated to be 
approximately 10"^° M. Figure 1 shows HPLC 
radiochromatograms of cell extracts from F9 stem 
cells (denoted « a- ) and all-trans retinoic acid 
treated F9 cells (denoted ■ b- ) . Retinoids were 
identified by matching their elution times and 
their light absorption spectra with those of known 
standards and by co- inject ion with known 
standards . 

Since the induced retinol derivatives , 
retinoids A, B and C (Fig- 1) , could not be 
identified by comparison with known standards, the 
collection of retinoids from the media and the 
purification of these induced retinoids were 
undertaken as described . From 20 1 iters of 
incubation media, 60 absorption units at 32 6 nm of 
the first pure retinoid and 2 0 absorption units at 
3 54 nm of the second pure retinoid were isolated. 
The purification was carried out as follows. 

A large quantity of cells (200 plates 
each with 150 cm^ surface area) was grown in DME 
medium plus 10% calf serum and then treated with 
RA (1 MM) for 24 or 48 h. The cells were washed 
and incubated in the presence of 10 mM retinol for 
24 h to maximize the production of the retinol 
derivatives. The media was then collected and the 
proteins were precipitated with 60% ammonium 
sulfate for 6 h. The retinoids were then 
extracted from the protein pellet as described in 
McClean et al. (15). After the extraction, a 
series of reversed-phase columns were employed. 
These consisted of a preparative C^q column of 250 
by 22 mm internal diameter (ID) at a flow rate of 
8 ml/min with a linear gradient from 45% to 55% 
acetonitrile in water in 30 min. Next, a 
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semipreparative C^q column of 250 by 10 mm ID was 
employed at a flow rate of 2 ml/min with a linear 
gradient of 50% acetonitrile to 55% acetonitrile 
in water in 30 min. The same column was used for 
a second time at the same flow rate of 2 ml/min 
but with 60% to 85% methanol in water linear 
gradient in 30 min. Finally, an analytical 
column of 2 50 by 4.6 mm ID was employed as the 
final step at a flow rate of 1 ml/min with a 
linear gradient of 4 5% acetonitrile to 65% 
acetonitrile in water in 20 min. 

Fig. 2 shows spectra of the retinoids A and 
C. The CD (circular dichroism) spectrum of 
retinoid A in methanol is depicted in Fig, 2a 
(left scale) . The UV spectrum of retinoid A in 
methanol is depicted in Fig. 2a (right scale) . 
The UV spectrum of retinoid C is depicted in Fig. 
2b, About 60 and 2 0 absorption units of compounds 
A and C (see Fig. l) respectively were purified 
and analyzed by nuclear magnetic resonance (MMR) ^ 
mass spectroscopy (MS) and circular dichroism 
(CD) . Fig. 2c shows the mass spectrum of retinoid 
A. Fig. 2d shows the NMR spectrum of retinoid A. 
Fig . 2e shows the mass spectrum of retinoid C . 
Fig. 2f shows the NMR spectrum of retinoid C. 

Retinoid A exhibited an absorption spectrum 
with Xmax ^22 nm (Fig. 2a) . The high resolution 
electron impact mass spectroscopy (EI-MS matrix 
perf luorokerosine PFK; Fig. 2c) gave an observed 
value of 302.2234 (calculated for C20H30O2 = 
302.2246), suggesting that retinoid A has one 
oxygen atom more than its precursor retinol 
(C20H30O) , which can be accounted for by an 
additional hydroxyl group (Fig. 2c). The proton 
nuclear magnetic spectrum (^H NMR, Varian VXR400 
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MHZ; solvent CDCI3, chemical shift S in ppm, 
coupling constants J in Hertz; Fig. 2d) presents 
the following signals: 6 1.03/1.06 [2s, 6H, 1- 
(CH3)2], 1.84 (S, 3H, 5-CH3) , 1.88 (s, 3H, I3-CH3) , 
1.96 (s, 3H, 9-CH3) , 4,02 {m, IH, 3-H) , 4.33 (t, 
J 7.5, 2H, 15-H) , 5.71 (t, J 7.2, IH, 14-H) , 6.10 
(d, J 16, IH, 8-H) , 6.12 (d, J 11, IH 10-H) , 6.17 
(d, J 16, IH, 7-H) , 6.31 (d, J 15, IH, 12-H) , 6.61 
(dd, J 11, 15, IH, 11-H) (Fig. 2d). These 
spectroscopic data, in agreement with literature 
data as set forth in Vetter, W. , et al (28), 
establish retinoid A as all-trans-4 -hydroxy- 
retinol . 

The carbon at position 4 is an asymmetric 
center. Thus naturally occurring 4-hydroxy- 
retinol might be optically active. Indeed, its CD 
spectrum (Fig. 2a) shows two Cotton effect bands 
at 328 nm (5e + 1.5), and 254 nm {6e -0.5). The 
absolute configuration at C-4 was determined by 
synthesis as (45) ; thus, the hydroxyl group at, 
position 4 has a /3 configuration. This 
establishes that retinoid A is all-trans- (4S) -4- 
hydroxy-retinol . 

Retinoid B (Fig. 1) was later determined to 
be 13-cis-4-hydroxyretinol isomer by matching its 
elution time and UV spectrum with that of a 
standard. 

Retinoid C exhibited an absorption spectrum 
with Xmax (Fig- 2b) • The high 

resolution electron impact mass spectrum (EX/MS, 
matrix perf luorokerosine PFK) , Fig. 2e, gave an 
observed value of 300.2088 (calculated for C2oH28^2 
= 300.2090), indicating that this retinoid has two 
hydrogen atoms less and one oxygen atom more than 
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its precursor retinol. This data, the red shifted 
"V Xmax (350 nm as compared to 322 nm for retinol), 
and the band at 276 nm suggest a keto group at 
position 4. The proton nuclear magnetic resonance 
spectrum NMR, solvent CDCl3^ chemical shift 6 

in ppm, coupling constants J in Hertz; Fig. 2f) 
presents the following signals: 6 ppm 1.15 [s, 6H, 
1-(CH3)2], 1.82 (t, J 7, 2H, 2-H2) , 1.82 (s, 3H, 5- 
CH3) , 1.84 (s, 3H, 13-CH3), 1-95 (s, 3H, 9-CH3) , 
2.48 (t, J 1, 2H, 3-H2), 4.32 (t, J 1, 2H, I5-H2) , 
5.72 (t, J 1, IH, 14-H), 6.21 (d, J 15, IH, 7-H) , 
6.22 ( d, J 10, IH, 10-H), 6.31 (d, J 15, IH, 8- 
H) , 6.35 (d, J 15.2, IH, 12-H) , 6.59 (dd, J 15.2, 
10, IH, 11-H) (Fig. 2f ) . These spectroscopic data 
establish retinoid C as all-tra7is-4-oxo-retinol . 

Example IT 

Retinoids were assayed for their ability to 
bind members of the family of the retinoic acid 
receptors, the RARs, as follows: 

COS-1 cells were transfected by DEAE-dextran 
with pSG5 expression vectors containing cDNAs for 
mouse RARs a, /3, or ^ or RXRs a, 0, or y . See 
Levin, A, A., et al (29). Nucleosol or cytosol 
fractions were prepared as described in Nervi, c. , 
et al (30) and Nervi, c. , et al (31) and stored at 
-70°C until use. Aliquots of nucleosol or cytosol 
were incubated in nuclei lysis buffer as described 
in Nervi, c, et al (30) with tritiated ligands 
for 4h at 4*'C. Retinoids were added in ethanolic 
solutions that did not exceed 2% of the total 
incubation volume. For competitive binding 

assays, the incubations were performed with 
increasing concentrations of unlabeled competing 
ligand and a fixed concentration of the 
radioligand (10 nM ^H-retinoic acid). in 



BNSOOCID: <WO S62143aA1 I > 



wo 96/21438 




PCT/US96/00013 



27 

saturation kinetic studies, incubations were 
performed in the presence of increasing 
concentrations of the indicated radioligand. For 
all binding assays, bound was separated from free 
radioactivity as described in Levin, A. A. , et al 
(29) • 

To determine whether 4-hydroxyretinol and 4- 
oxo-retinol are ligands for RARs, their ability to 
compete for binding sites with all-trans-retinoic 
acid was examined under equilibrium conditions as 
described in Allenby, G., et al (32). The results 
are set forth in Table I below wherein 4-oxo- 
retinol stands for all-trans-4-oxo-retinol , 4-OH 
retinol stands for all-tra7is-4-hydroxyretinol, RA 
stands for all-trans-retinoic acid and wherein 
IC5Q is the concentration to inhibit 50% binding 
of "^H-all-trans-retinoic acid. 

Table I 

Ligand IC50 RAR-a IC50 RAR-^ IC50 RAR-y 

4-0x0- 330 ± 54^ 420 ± 110 3200 ± 520 

retinol 

4-OH 5000 ± 1400 3800 ± 1100 3400 ± 1600 

retinol 

RA^ 5±02 5±0 4±1 

4-0x0- 120 210 350 

retinoic 

acid 



■^Results presented are the mean and IC5Q (± SD) in 
nM of at least 3 replicate experiments performed 
in duplicate. 

^Data from Allenby, G., et al (32) provided for 
comparison purposes. 
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The results indicate that 4-hydroxyretinol is 
a relatively weak inhibitor of ^H-all-trans- 
retinoic acid binding to all three subtypes of 
retinoic acid receptors (RARs) as indicated by the 
IC5Q values (Table 1) , The results show that all- 
trans-4-oxo-retinol is a strong inhibitor of "^H- 
retinoic acid binding to RAR-a and RAR-^ and a 
weaker inhibitor (10-fold less) of ^H-retinoic 
acid binding to RAR-y . Thus, all-tira/3S-4-oxo- 
retinol appears to be the first endogenous 
retinoid discovered to exhibit preferential 
(selective) binding to subtypes of RARs, and the 
first retinoid to bind the RARs which has an CH2OH 
group rather than a COOH group at the end of the 
side chain. It is important to note that the 
intracellular concentration of all-trans-4-oxo- 
retinol in differentiating F9 stem cells was 
calculated to be approximately 85 nM, enough to 
bind and activate RAR-a and RAR-)3. 

Neither the 4-hydroxyretinol nor the 4-oxo- 
retinol inhibited the binding of retinoic 
acid to the RXRs (data not shown). Retinol, 
the precursor for 4-oxo-retinol , produced no 
apparent inhibition of all-traj2S-'^H-retinoic acid 
binding to any of the RARs or -^H-g-cis retinoic 
acid binding to the RXRs even when used at 
concentrations of up to 50,000 nM. 

Both 4-hydroxyretinol and 4-oxo-retinol were 
unable to inhibit the binding of all-trajis-"^H- 
retinoic acid to cellular retinoic acid binding 
protein I (CRABP I) (data not shown) . 



To determine the efficiency of various 
retinoids in inducing transcription of the 
reporter gene RARE-/?-galactosidase F9-RARE-)3- 
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galactosidase reporter cell line which is 
described in Wagner, M. , et al (33), dose response 
curves of retinol, all-trans-4-hydroxyretinol, 4- 
oxo-retinol, and retinoic acid were prepared using 
the F9-RARE-^-galactosidase reporter cell line. 
Cells were treated with different concentrations 
of retinoids in media lacking serum, harvested and 
assayed for /3-galactosidase activity. The 
activities measured in response to the various 
retinoids are shown in Fig . 3 wherein each point 
is the mean ± SE of three separate measurements. 
The ;3-galactosidase activity in this cell line 
reflects the activation of the RARs. The response 
to retinoic acid and retinol is similar to what 
was reported earlier as described in Wagner, M. , . 
et al (33) . As expected, this reporter cell line: 
responded to low concentrations of retinoic acid 
but only to high concentrations of retinol. The. 
activity attributed to high concentrations of 
retinol in this assay is most likely due to its 
conversion to 4-hydroxyretinol and 4-oxo-retinol . 
The all-trans-4-hydroxyretinol was moderately more 
active than retinol while 4-oxo-retinol was a good 
inducer of activity. Using this assay, all-trans- 
4-oxo-retinol and all-trans-4-hydroxyretinol had 
EC5Q values of 42 nM and 76 nM, respectively as 
compared with 9 nM for retinoic acid and with > 
3000 nM for retinol. These results indicate that 
4-oxo-retinol is a potent activator of an RARE 
which requires binding and activation of at least 
one subtype of the RARs. 



Teratocarcinoma stem cells can be induced to 
differentiate in monolayer culture by retinoic 
acid over a 3-4 day period into nonmalignant 
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endoderm cells resembling the extraembryonic 
endoderm of the mouse blastocyst as described in 
Gudas, L. J., et al (27). The F9 teratocarcinoma 
stem cell line is used as a model tumor cell 
differentiation system because F9 stem cells share 
similar biochemical, immunological and 
morphological characteristics with early mouse 
embryonic stem cells and additionally, large 
numbers of cells can be cultured and 
experimentally manipulated . The expression of 
several homeobox genes including Hoxa-1 is induced 
by RA in mouse teratocarcinoma cell lines as 
described in LaRosa, G. J., et al (34) and LaRosa, 
G, J., et al (35). Hoxa-1 transcripts are rapidly 
induced in retinoic acid treated F9 stem cells 
even in the absence of new protein synthesis, and 
the magnitude of expression is proportional to the 
retinoic acid concentration to which the cells are 
exposed. See LaRosa, G. L, et al (34) , Other 
genes such as laminin Bl are activated subsequent 
to the activation of Hox 1.6 by retinoic acid as 
described in Vasios, G. W. , et al (36). 

Since 4-hydroxyretinol and 4-oxo-retinol are 
endogenous metabolites of retinol in F9 stem cells 
whose levels are upregulated during retinoic acid- 
induced differentiation and since, in addition, 4- 
oxo-retinol appears to bind with good affinity to 
RAR-a and RAR-fi and can activate an RARE-reporter 
gene in F9 stem cells , the effect of these 
retinoids on F9 stem cell differentiation was 
tested as follows : Cells were treated with 1 
concentration of retinoid as described for 24, 48 
and 72 hours and gene expression of Hoxa-1 and 
laminin Bl was monitored by Northern blot 
analysis, Hoxa-1 transcripts were induced 4, 9, 



BNSDOCID: <WO 9agi43aA1 I > 



wo 96/21438 




PCT/US96/00013 



31 

17, and 25 fold by retinol, all-trans-4- 
hydroxyretinol , all-trans-retinoic acid and all- 
trans-4-oxo-retinol, respectively, at 72 h after 
retinoid treatment. Laminin Bl expression was 
induced 2, 3, 7, and 9 fold by retinol, all-trans- 
4-hydroxyretinol , all-trans--4-oxo-retinol , and 
all-trans-retinoic acid, respectively, at 72 h 
after treatment. This assay shows that both 4- 
hydroxyretinol and 4-oxo-retinol are able to 
elicit the same effect on F9 stem cell 
differentiation markers as retinoic acid, but to 
different extents. 

Example V 

3^-4 -hydroxyretinol and ^H-4-oxo-retinol were 
purified from RA treated, differentiated F9 cells 
(ATCC CRL 1720) after the differentiated cells 
were incubated with ^H-retinol for 18 h. The 
identities of purified ^H-4 -hydroxyretinol and ^H- 
4-oxo-retinol were verified by matching both the 
elution times on the HPLC and the spectra of known 
standards . 

F9 stem cells or retinoic acid-treated cells 
(72 h) were cultured in the presence of 50 nM of 
either ^H-4-hydroxyretinol or ^H-4-oxo-retinol for 
different periods of time. 

Fig. 4 depicts HPLC analysis after incubation 
in the presence of 50 nM ^H-4-hydroxyretinol for 
periods of time as indicated and extraction using 
the method described in McClean, S. W. , et al 
(15) . F9 stem cells are shown in Fig. 4 to 
convert 4-hydroxyretinol to 4-oxo-retinol. The 
rate of this conversion was virtually identical in 
both stem and retinoic acid-treated cells. This 
rate was calculated to be about 20% in a period of 
15 h. No other metabolite, including no 4-oxo- 
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all- trans-ret inoic acid, was detected in this 
assay. 

Fig. 5 depicts HPLC analysis after incubation 
in the presence of 50 nM ^H-4-oxo-retinol for 
periods of time as indicated and extraction using 
the method described in Mcciean, S. W. , et al 
(15) . The results are the same in both stem and 
retinoic acid-treated cells. As shown in Fig. 5, 
the metabolism of 4-oxo-retinol in F9 stem cells 
was very slow resulting in a very long half -life. 
The half-life of 4-oxo-retinol is on the order of 
days in F9 stem cells, as indicated by the 4-oxo- 
retinol peak height remaining the same. The only 
detected metabolites of 4-oxo-retinol in F9 stem 
cells were small amounts of several very 
hydrophobic retinoids which are presumed to be 4- 
oxo-retinyl esters. No 4-oxo-retinoic acid was 
detected in a period up to 15 h. This was not 
surprising since 4-oxo-retinoic acid has a 
distinct uv spectrum which was not observed when 
F9 retinol derivatives were analyzed previously. 

^^^-trans-retinoic acid has a half-life of 3 
hrs. in these F9 stem cells as described in 
Williams, J. B., et al (37) and Boylan, J. F. , et 
al (38) . In differentiated retinoic acid-treated 
F9 stem cells an enzyme is induced which breaks 
down all-trans-retinoic acid so the half-life is 
much shorter than 3 hr. as is described in 
Williams, J. B., et al (37) and Boylan, J. F. , et 
al (38) . In contrast, 4-oxo-retinol appears to be 
equally stable in F9 stem or differentiating cells 
and is shown in Fig. 5 to have a half-life of more 
than 15 hours. 
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These results indicate that 4-hydroxyretinol 
is an intermediate in the synthesis of 4-oxo- 
retinol from retinol in F9 stem cells* They also 
suggest that at least part of the activity 
associated with 4-hydroxyretinol may be due to its 
enzymatic conversion to 4-oxo*retinol • While the 
level of all-trans-4-hydroxyretinol was increased 
by retinoic acid treatment (Fig* 1) , the rate of 
conversion of 4-hydroxyretinol to all-trans-4-oxo- 
retinol was not affected by retinoic acid 
treatment. This result shows the conversion of 
retinol to 4-hydroxyretinol is the rate limiting 
step. 



Patients with morphologic diagnostic criteria 
for acute promyelocytic leukemia (M3 or M3 variant 
subtype) by karyotyping or PGR analysis, including 
the b(15;17) (q22; ql2-21) translocation, are 
treated with oral all-trans-4-oxo-retinol at a 
dose of 100 mg/square meter of body surface area 
per day. The drug is formulated in soft gelatin 
capsules which are administered once or twice a 
day to provide the dose as stated. The drug is 
administered for 40 to 60 days until remission 
induction occurs as indicated by normal karyotype, 
disappearance of coagulation abnormalities (e.g., 
increased platelet count and plasma fibrinogen 
level) , observation of differentiation of cancer 
cells and the appearance of mature granulocytic 
markers in cell surface immunophenotyping, as 
indicated by reduced number of cells expressing 
CD33 and greater portion of cells expressing CD16. 
Patients with newly diagnosed disease then receive 
all-trans-4-oxo-retinol for 30 days after 
remission induction; then, either conventional 



Example VI 
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consolidation therapy (e.g., cytosine arabinoside) 
or continued treatment with all-tjraj3s-4-oxo- 
retinol alone is continued. During remission 
induction, liver function tests are performed and 
serum cholesterol and triglycerides are measured 
twice a week and bone marrow aspiration is 
performed once a week until complete remission or 
failure is documented. Long term cures are 
considered to be obtainable. 

When al l-tra/3s-4 -hy dr oxyr et i no 1 is 
substituted for the all-trans-4-oxo-retinol at a 
dose of 100 mg/ square meter of body surface per 
day, similar results of long term remission and 
cures are obtained. 

When 1-cis, 9-cis , 11-cis and 13-cis isomeric 
forms of 4-oxo-retinol and 4-hydroxyretinol are 
substituted for the all-trans isomers in the same 
dosages, similar results are obtained. When the 
compounds with various groups described above 
are substituted for the all-trans-4-oxo-retinol , 
similar results are obtained. When the ester and 
aldehyde forms are used in place of the alcohol 
form, therapeutic results similar to what are 
obtained with the alcohol form are obtained. 

Example VIT 

Current systemic chemotherapy regimens are 
unable to prolong survival of patients with 
advanced head and neck cancer. Patients treated 
with all-tra/]s-4-oxo-retinol or all-trans-4* 
hydroxyretinol at oral doses of 100 mg/ square 
meter of body surface area per day survive beyond 
the median of 4-6 months , and/or have reduced tumor 
burden during the period during which drug is 
administered . 
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Example VIII 
Patients with breast cancer treated with all- 
tra72s-4-oxo-retinol or all-tr^ans-A-hydroxyretinol 
at oral doses of 100 mg/ square meter of body 
suface area per day have a reduced tumor burden 
during the time during which the drug is given- 

Example IX 

Patients with deep (cystic) acne treated with 
al 1- trans- 4 -oxo-retinol or al 1- trans -4 - 
hydroxyretinol at an oral dose of 100 mg/square 
meter of body surface per day have a greater than 
85% mean reduction in lesion counts at the end of 
a 3 to 6 month treatment period and in some cases 
complete clearance occurs after discontinuation of 
therapy. A very prolonged remission, and 

potentially permanent cure can be obtained. 

Example X 

Patients with psoriasis vulgaris, pustular 
psoriasis, or erythrodermic psoriasis are treated 
with long term continuous administration of all- 
trans-4-oxo-retinol or all-trans-4-hydroxyretinol 
at an oral dosage of 50 mg/square meter of body 
area per day as the only treatment or in 
combination with conventional treatment with PUVA 
(psoralen plus long wave UV light) , or in 
combination with conventional treatment with 
vitamin D analogs, corticosteroids, methotrexate, 
or cyclosporine . Once the psoriasis has improved, 
patients may stop retinoid therapy or be given 
long term retinoid or UV maintenance therapy. 

Patients with psoriatic arthritis treated 
with an oral dose of all-trans-4-hydroxyretinol or 
all-trans-4-oxo-retinol in a dosage of 50 
mg/square meter of body area per day exhibit fewer 
tender joints and a decreased duration of morning 
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Stiffness . 

Example XT 

Treatment of patients with aging or 
photodamaged skin with all-trans-4-hydroxyretinol 
or all-tra7js-4-oxo-retinol orally in a dosage of 
100 mg/ square meter of body area per day or 
topically in a dosage of lo mg per square inch per 
day over a 4 to 8 month period have fewer and 
reduced depth of wrinkles, increased smoothness of 
the skin, and a reduction in pigmented areas of 
the skin. 

When 7-cis, 9-cis, 11-cis and 13-cis isomeric 
forms of 4-oxo-retinol and 4-hydroxyretinol are 
substituted for the all-trans forms in the same 
dosages, therapeutic results similar to what are 
obtained with the all-trans forms are obtained in 
Examples VII, vili, IX, X and XI. When compounds 
with the various groups described above are 

substituted for 4-oxo-retinol and 4-hydroxyretinol 
in the same dosages, therapeutic results similar 
to what are obtained with 4-oxo-retinol and 4-. 
hydroxyretinol are obtained in Examples VII , VIII, 
IX, X and XI. When the ester and aldehyde forms 
are used in place of the alcohol form, therapeutic 
results similar to what are obtained with the 
alcohol form are obtained. 

Many variations of the above will be obvious 
to those skilled in the art. 

For example, the treatments herein can be 
employed alone or in combination therapy including 
but not limited to combination therapy with 
biological response modifiers, such as 
interferons; growth factors; vitamins; hormones; 
intracellular signalling molecules such as cyclic 
AMP; cytotoxic cancer chemotherapeutic drugs; 
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Other retinoids, such as all-traj3s-retinoic acid; 
and for psoriasis, PUVA (psoralen plus long wave 
UV 1 ight ) treatments . 

Because of the variations which will be 
obvious to those skilled in the art, the invention 
is defined by the claims. 

The full citations are given below of the 
references cited in abbreviated form above. 
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WHAT IS CLAIMED IS: 

1. A method for regulating gene expression 
by retinoid regulated genes in vitro or in vivo, 
comprising contacting a cell with a gene 
expression regulating amount of a binding 
effective retinoid with CH2OH or ester or ether 
thereof or aldehyde at the side chain terminal 
position. 

2. The method of claim 1 which is for 
enhancing transcription of a gene regulated by 
retinoids in any cell, which comprises contacting 
the cell with a transcription enhancing amount of 
said retinoid. 

3. The method of claim 1 which is for 
inducing differentiation in normal and cancer 
cells comprising contacting such cell with a 
differentiation-inducing effective amount of said 
retinoid* 

4. The method of claim 3 which is for 
treating leukemias and lymphomas in a patient 
afflicted with this condition comprising 
administering to said patient a cancer cell 
differentiation-inducing effective amount of said 
retinoid* 

5. The method of claim 3 which is for 
treating squamous cell carcinoma in a patient 
afflicted with this condition comprising 
administering to said patient a squamous cell 
carcinoma cell differentiation-inducing effective 
amount of said retinoid. 

6. The method of claim 1 which is for 
treating deep acne in a patient afflicted with 
this condition comprising administering to said 
patient an acne clearing amount of said retinoid. 
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7. The method of claiin i which is for 
treating psoriasis in a patient afflicted with 
this condition comprising administering to said 
patient a psoriasis clearing amount of said 
retinoid. 

8, The method of claim l which is for 
treating wrinkled, aged skin in a patient with 
this condition comprising administering to said 
patient a wrinkling or pigment removing amount of 
said retinoid . 
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